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DESCRIPTION 



DIAMOND COMPOSITE SUBSTRATE AND A METHOD 
FOR MANUFACTURING SAME 



TECHNICAL FIELP 



[0001] This invention relates to a diamond composite 
substrate and to a method for manufacturing the same, and 
more particularly relates to a diamond substrate with a 
large surface area and high quality for use in 
semiconductor materials, electronic components, optical 
components, and so forth, and to a method for manufacturing 
this substrate . 

BACKGROUND ART 



[0002] Diamond has numerous outstanding properties not 
seen in other semiconductor materials, such as its high 
thermal conductivity, high electron/hole mobility, high 
dielectric breakdown field, low dielectric loss, and wide 
bandgap. In particular, recent years have witnessed the 
continued development of ultraviolet emitting elements that 
take advantage of wide bandgap, as well as field effect 
transistors and the like having excellent high frequency 
characteristics . 

[0003] Manmade diamond monocrystals , which are usually 
produced by a high-temperature, high-pressure synthesis 
process, have excellent crystallinity and, because of a 
phonon-related thermal conduction mechanism that is 
different from that of metals, have a thermal conductivity 
that is at least 5 times that of copper at normal 
temperature. These features are put to use when these 
diamond monocrystals are used as a heat-spreading substrate 
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that needs high performance and reliability. In contrast, 
with a diamond polycrystalline film, which is usually 
obtained by vapor phase synthesis, because of the effect of 
phonon scattering at the grain boundary, the thermal 
conductivity is only about half that of diamond 
monocrystals . 

[0004] Meanwhile, a large diamond composite substrate is 
needed in order for diamond to be used in semiconductor 
applications. Because they have better crystallinity than 
naturally occurring monocrystals, diamond monocrystals 
obtained by a high-temperature, high-pressure process are 
also useful as semiconductor substrates. However, the 
ultra-high-pressure synthesis apparatus used in this high- 
temperature, high-pressure process is bulky and expensive, 
which means that there is a limit to how much the cost of 
manufacturing monocrystals can be reduced. Also, since the 
size of the resulting monocrystals is proportional to the 
apparatus size, a size on the order of 1 cm is the 
practical limit. In view of this, Japanese Patent 
Publication H3-75298 (Patent Document 1), for example, 
discloses a method for obtaining a diamond monocrystalline 
substrate that has a large surface area. In the method, a 
plurality of high-pressure phase substances having 
substantially the same crystal orientation are arranged, a 
substrate that will serve as a nucleus for vapor phase 
growth is formed, and monocrystals are grown over this by 
vapor phase synthesis, resulting in integrated, large 
monocrystals . 

[0005] Japanese Patent Publication H2-51413 discusses a 
method in which at least two diamond surfaces are provided 
with a space in between, and then diamond or diamond-like 
crosslinks are grown between the diamond surfaces by 
chemical vapor deposition (CVD), thereby joining the 
diamond surfaces. Nevertheless, this joined diamond that 
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has been crosslinked between two surfaces has a drawback in 
that when the surface is polished, polishing stress is 
concentrated at the joint interface, leading to separation 
at the joint. 

[0006] Problems encountered when diamond monocrystals 
are used as a heat-spreading substrate are thermal strain 
and cracking, which are attributable to the difference in 
the coefficients of thermal expansion between diamond and 
the heat emitting material. Diamond has one of the lowest 
coefficients of thermal expansion of all substances, 
whereas semiconductor materials such as silicon and GaAs 
have coefficients of thermal expansion from 1.5 to several 
times that of diamond, so when the two are heated and 
soldered, for example, to join them, deformation and 
cracking occur during cooling. In particular, diamond 
monocrystals have a large Young's modulus and are resistant 
to deformation, which conversely makes them a brittle 
material with low toughness. Specifically, the drawback to 
diamond monocrystals is that when they are subjected to a 
force, they tend to cleave along their {111} plane. 
Accordingly, there has also been practical application of 
heat-spreading substrates that feature polycrystalline 
diamond, which has higher toughness than monocrystals. 
Still, the thermal conductivity of monocrystals cannot be 
matched by the above-mentioned diamond polycrystalline film 
alone. 

[0007] The inventors conducted the method for obtaining 
large monocrystals discussed in the above-mentioned Patent 
Document 1 in order to examine any problems encountered 
with this method, and found that the following problem 
occurs. A monocrystalline substrate consisting of a 
plurality of layers serving as nuclei for vapor phase 
growth usually does not have exactly the same orientation 
of the growth planes, which each layer having a slightly 
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different planar orientation. When monocrystalline vapor 
phase growth is conducted in this state and the 
monocrystals are integrated, the joined portions thereof 
have growth boundaries of different angles , called small 
angle boundaries, which are defects in the broad sense, and 
these basically do not disappear no matter how long the 
monocrystalline growth is continued. 
[0008] The inventors used a Raman scattering 
spectroscope to examine in detail the area around this 
small angle boundary, and as a result measured a peak shift 
that is different from that of an ordinary diamond peak. 
Specifically, what they found was not the ordinary diamond 
monocrystal peak near 1332 cm" 1 , but rather the presence of 
a micro-region shifted a few cm" 1 higher or lower in the 
vicinity of the monocrystal connection boundary. They also 
found that when monocrystalline growth was continued in 
this same state, the monocrystals came apart during vapor 
phase growth around the monocrystal connection boundary at 
roughly the point when the film thickness exceeded 100 jjm. 
From these two facts they recognized a problem in that when 
large monocrystals are formed by the above-mentioned prior 
art, stress accumulates near the small angle boundaries, 
and the monocrystals come apart around these boundaries at 
or over a certain film thickness. 



DISCLOSURE OF THE INVENTION 



[0009] The present invention was conceived in an effort 
to overcome the above problems encountered with prior art, 
and it is an object thereof to provide a diamond substrate 
with high toughness, a large surface area, and high quality, 
for use in semiconductor materials, electronic components, 
optical components, and so forth, and a method for 
manufacturing this substrate. 
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[0010] In order to achieve the stated object , the 
present invention has the following aspects (1) to (23). 

(1) A diamond composite substrate, comprising: a diamond 
monocrystalline substrate; and a diamond polycrystalline 
film laminated thereon by a vapor phase synthesis. 
[0011] (2) A diamond composite substrate according to 

(1) above, wherein a difference between an orientation of a 
main face, which has a largest surface area of the diamond 
monocrystalline substrate, and an orientation of a {100} 
plane is no more than 5 degrees, and the diamond 
polycrystalline film is laminated to an opposite face 
parallel to said main face. 

[0012] (3) A diamond composite substrate according to 

(2) above, wherein the main face is the {100} plane. 
[0013] (4) A diamond composite substrate according to 
any of (1) to (3) above, wherein a spacing between the main 
faces, which is a thickness of the diamond monocrystalline 
substrate, is at least 0.1 mm and no more than 1 mm. 
[0014] (5) A diamond composite substrate according to 
any of (1) to (4) above, wherein a thickness of the diamond 
polycrystalline film laminated over the diamond 
monocrystalline substrate is at least 0.1 mm and no more 
than 1 mm. 

[0015] (6) A diamond composite substrate according to 
any of (1) to (5) above, wherein a ratio of the thickness 
of the diamond monocrystalline substrate to the thickness 
of the diamond polycrystalline film is between 1:1 and 1:4. 
[0016] (7) A diamond composite substrate according to 
any of (1) to (6) above, wherein the diamond 
monocrystalline substrate is made up of a plurality of 
diamond monocrystals all having a same orientation of the 
main face having the largest surface area, and these 
plurality of diamond monocrystals are joined by the diamond 
polycrystalline film formed by the vapor phase synthesis 



6 



CN, EP, KR, US-11123(PCTI) 



over said diamond monocrystals . 

[0017] (8) A diamond composite substrate according to 
any of (1) to (7) above, wherein the difference between 
orientations of the plurality of diamond monocrystals in a 
direction of rotation with respect to an axis perpendicular 
to the main faces thereof is no more than 2 degrees, and 
the difference between the orientations of the respective 
main faces and the orientation of the {100} plane is no 
more than 5 degrees . 

[0018] (9) A diamond composite substrate according to 
(8) above, wherein the orientation of the main faces of the 
plurality of diamond monocrystals is {100} • 
[0019] (10) A diamond composite substrate according to 
any of (7) to (9) above, wherein a difference in thickness 
between the respective diamond monocrystals is no more than 
10 jim. 

[0020] (11) A diamond composite substrate according to 
any of (7) to (10) above, wherein a gap between the 
plurality of diamond monocrystals is no more than 500 jum. 
[0021] (12) A diamond composite substrate, wherein a 
diamond monocrystalline substrate is made up of a plurality 
of diamond monocrystals in which a difference between 
orientations of the diamond monocrystals in a direction of 
rotation with respect to an axis perpendicular to main 
faces thereof is no more than 2 degrees, and a difference 
between orientations of the respective main faces and an 
orientation of a {100} plane is no more than 5 degrees, the 
diamond monocrystals are joined by a diamond 
polycrystalline film formed by a vapor phase synthesis on 
an opposite face parallel to the respective main faces of 
the diamond monocrystals, and an entire surface of said 
main face is integrated by vapor-phase synthesized diamond 
monocrystals grown using the diamond monocrystalline 
substrate as a seed crystal. 
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[0022] (13) A diamond composite substrate according to 
(12) above, wherein the orientation of the main faces of 

the plurality of diamond monocrystals is {100}. 

[0023] (14) A diamond composite substrate according to 

(12) or (13) above, wherein a spacing between the main 

faces, which is a thickness of the plurality of diamond 

monocrystalline substrates, is at least 0.1 mm and no more 

than 1 mm. 

[0024] (15) A diamond composite substrate according to 
any of (12) to (14) above, wherein a thickness of the 
diamond polycrystalline film formed by the vapor phase 
synthesis over the diamond monocrystals is at least 0.1 mm 
and no more than 1 mm. 

[0025] (16) A diamond composite substrate according to 
any of (12) to (15) above, wherein a ratio of the thickness 
of the diamond monocrystals to the thickness of the diamond 
polycrystalline film is between 1:1 and 1:4. 
[0026] (17) A diamond composite substrate according to 
any of (12) to (16) above, wherein a gap between the 
plurality of diamond monocrystals is no more than 5 00 pm. 
[0027] (18) A diamond composite substrate according to 
any of (12) to (17) above, wherein a difference in the 
thickness between the plurality of diamond monocrystals is 
no more than 10 ^m. 

[0028] (19) A diamond composite substrate according to 
(12) to (18) above, wherein a surface of the diamond 
polycrystalline film has been polished. 

[0029] (20) A diamond composite substrate according to 
any of (12) to (19), wherein a surface roughness Rmax of 
the diamond polycrystalline film is no more than 0.1 jum. 
[0030] (21) A method for manufacturing a diamond 
composite substrate, wherein a plurality of diamond 
monocrystals having a same orientation are lined up, a 
diamond polycrystalline film is formed by a vapor phase 
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synthesis over said monocrystals , and the plurality of 
diamond monocrystals are joined by the diamond 
polycrystalline film. 

[0031] (22) A method for manufacturing a diamond 
composite substrate according to (21) above, wherein a 
deviation between orientations of the plurality of diamond 
monocrystals in a direction of rotation with respect to an 
axis perpendicular to main faces thereof, which has a 
largest surface area, is no more than 2 degrees, and a 
difference between orientations of the respective main 
faces and an orientation of a {100} plane is no more than 5 
degrees . 

[0032] (23) A method for manufacturing a diamond 
composite substrate according to (22) above, wherein the 
main face having the largest surface area of the faces that 
make up the diamond monocrystals is the {100} plane. 
[0033] (24) A method for manufacturing a diamond 
composite substrate according to any of (21) to (23) above, 
wherein an thickness of the diamond monocrystals is at 
least 0.1 mm and no more than 1 mm. 

[0034] (25) A method for manufacturing a diamond 
composite substrate according to any of (21) to (24) above, 
wherein a thickness of the diamond polycrystalline film 
formed by the vapor phase synthesis over the diamond 
monocrystals is at least 0.1 mm and no more than 1 mm. 
[0035] (26) A method for manufacturing a diamond 
composite substrate according to any of (21) to (25) above, 
wherein a ratio of the thickness of the diamond 
monocrystals to the thickness of the diamond 
polycrystalline film is between 1:1 and 1:4. 
[0036] (27) A method for manufacturing a diamond 
composite substrate according to any of (21) to (26) above, 
wherein a difference in thickness between the plurality of 
diamond monocrystals is no more than 10 jim. 
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[0037] (28) A method for manufacturing a diamond 
composite substrate according to any of (21) to (27) , 
wherein a gap between the plurality of diamond monocrystals 
is no more than 500 ym. 

[0038] The above aspects (1) to (28) of the present 
invention will now be described. 

In this Specification, the term "diamond 
monocrystalline substrate" is used not only to mean a 
substrate composed of just one monocrystal, but also to 
mean a substrate made up of a plurality of monocrystals. 

Aspect ( 1 ) 

[0039] Laminating a diamond monocrystalline substrate 
having high thermal conductivity and a diamond 
polycrystalline film having high toughness that is formed 
by vapor phase synthesis over this monocrystalline 
substrate yields a diamond composite substrate that 
combines high thermal conductivity with high toughness. 
The diamond monocrystals here may be natural diamond 
monocrystals, manmade diamond monocrystals obtained by a 
high-temperature, high-pressure process, or vapor deposited 
diamond monocrystals, or they may be diamond monocrystals 
manufactured by some other method. 

Aspects ( 2 ) and ( 3 ) 

[0040] When a diamond composite substrate is put to use, 
the side of the monocrystals opposite the side where 
diamond polycrystalline film is laminated will be used in 
such actual applications as semiconductor applications or a 
contact surface for a heat-spreading substrate. In this 
case, it is better for the monocrystal surface to comprise 
the {100} plane, which is relatively soft and lends itself 
well to working. 
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[0041] Also, the diamond composite substrate of the 
present invention may be characterized in that the 
deviation between the orientations of the diamond 
monocrystals is no more than 5 degrees from {100}. When 
practical application is considered, it is preferable for 
the main face of the monocrystals to be {100} as mentioned 
above. But, as a result of in-depth study into deviation 
of the orientation of the main face, the inventors have 
revealed that there will be no problems in subsequent 
semiconductor applications or polishing as long as the 
deviation from the {100} plane is within 5 degrees. 

Aspects (4) and (6) 

[0042] The diamond composite substrate of the present 
invention may also be characterized in that the thickness 
of the diamond monocrystals is at least 0.1 mm and no more 
than 1 mm, the thickness of the diamond polycrystalline 
film laminated over the diamond monocrystalline substrate 
is at least 0.1 mm and no more than 1 mm, and the ratio of 
the thickness of the diamond monocrystalline substrate to 
the thickness of the diamond polycrystalline film is 
between 1:1 and 1:4. If the primary intent is application 
to a heat-spreading substrate, since the thermal 
conductivity and toughness of a diamond composite substrate 
are in a reciprocal relationship, there are optimal ranges 
for the thickness of the monocrystal layers, the thickness 
of the polycrystalline layers, and the ratio thereof. The 
inventors have discovered that high toughness can be 
attained by keeping these numerical values within the 
above-mentioned ranges while maintaining adequate thermal 
conductivity . 

Aspect (7) 

[0043] The diamond composite substrate of the present 
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invention may also be characterized in that the diamond 
monocrystalline substrate is made up of a plurality of 
diamond monocrystals all having the same orientation of the 
main face, and these diamond monocrystals are joined by the 
diamond polycrystalline film formed by vapor phase 
synthesis over said diamond monocrystals. As discussed 
above, if monocrystals are grown by vapor phase directly 
from a monocrystalline substrate composed of a plurality of 
monocrystals, the substrate may come apart because of the 
concentration of stress at the boundaries. However, this 
falling apart will not occur if the monocrystals are joined 
by a polycrystalline film, and the result will be a large, 
substantially integrated composite substrate. The diamond 
polycrystalline film does not necessarily have to be formed 
on the sides faces of the monocrystals, and the 
monocrystals may be joined by the polycrystals formed on 
the main face. 

Aspects (8) and (9) 

[0044] The diamond composite substrate of the present 
invention may also be characterized in that the deviation 
between the orientations of the diamond monocrystals that 
make up the diamond monocrystalline substrate in the 
direction of rotation with respect to the axis 
perpendicular to the main faces thereof is no more than 2 
degrees, and, the orientation of the main faces of the 
diamond monocrystals is {100} or the deviation of the main 
faces of the diamond monocrystalline substrate from the 
orientation of the {100} plane is no more than 5 degrees. 
If a plurality of monocrystals are used, the deviation in 
the orientations will be in two dimensions, in the vertical 
and rotational directions. If the intended application is 
one in which these monocrystals are joined and integrated 
by a polycrystalline film, then the workability and other 
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physical properties of the monocrystals must be the same on 
all the substrates , and there will be a permissible range 
of deviation of the previously mentioned orientation. The 
inventors have found that the properties of a composite 
substrate can be stabilized by keeping the deviation of the 
orientations of the various monocrystals within the above- 
merit ioned range . 

Aspects (10) and (11) 

[0045] The diamond composite substrate of the present 
invention may also be characterized in that the difference 
in thickness between the diamond monocrystals that make up 
the diamond monocrystalline substrate is no more than 10 ]L/m, 
and the gap between the diamond monocrystals is no more 
than 500 jjm. In an application in which a plurality of 
diamond monocrystals are integrated by a polycrystalline 
film, the difference in thickness between the monocrystals 
and the gaps therebetween should be as small as possible. 
On the other hand, arrangement will be difficult if the 
gaps between monocrystals are too small when integration is 
accomplished by vapor phase synthesis, and problems will 
also be encountered in production of larger composite 
substrates, so for practical purposes a gap of at least 
150 /im is preferable. As a result of studying various 
applications, the inventors have found that a diamond 
composite substrate with no practical problems can be 
obtained by keeping these values within the numerical 
ranges given above. 

Aspect (12) to (20) 

[0046] The diamond composite substrate of the present 
invention is characterized in that a diamond 
monocrystalline substrate is made up of a plurality of 
diamond monocrystals in which the orientation of the main 
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faces of the various diamond monocrystals is {100}, or the 
difference between the orientations of main faces and the 
orientation of the {100} plane is no more than 5 degrees, 
the diamond monocrystals are joined by a diamond 
polycrystalline film formed on the opposite face parallel 
to the main face of the diamond monocrystals, and the 
entire surface of the main face is integrated by vapor- 
phase synthesized diamond monocrystals grown using the 
diamond monocrystals as seed crystals. As discussed above, 
when the monocrystals are joined by vapor phase growth 
directly from a plurality of diamond monocrystals, they may 
come apart under stress. However, if one side is joined 
with a polycrystalline film and the other side has a 
structure integrated by monocrystals grown in the vapor 
phase, this problem of falling apart is completely 
eliminated. These integrated, vapor-phase synthesized 
diamond monocrystals can be applied as a large 
monocrystalline substrate. It is preferable if the 
thickness of the diamond monocrystals is at least 0 . 1 mm 
and no more than 1 mm, the thickness of the diamond 
polycrystalline film formed by vapor phase synthesis over 
the diamond monocrystals is at least 0 . 1 mm and no more 
than 1 mm, and the ratio of the thickness of the diamond 
monocrystals to the thickness of the diamond 
polycrystalline film is between 1:1 and 1:4. It is also 
preferable if the difference in thickness between the 
plurality of diamond monocrystals is no more than 10 pm, 
and the gap between the diamond monocrystals is no more 
than 500 /im. A high-quality diamond substrate with a large 
surface area, which is the object of the present invention, 
can be obtained by keeping the size and arrangement of the 
monocrystals and polycrystalline layer within the ranges 
given above. It is also preferable, from the standpoint of 
subsequent application, if the surface of the diamond 
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polycrystalline film has been polished and the surface 
roughness Rmax thereof is no more than 0.1 pim. 

Aspect (21) to (23) 

[0047] The method of the present invention for 
manufacturing a diamond composite substrate is 
characterized in that a plurality of diamond monocrystals 
having the same orientation are lined up, a diamond 
polycrystalline film is formed by vapor phase synthesis 
over these monocrystals, and the diamond monocrystals are 
joined by the diamond polycrystalline film thus produced. 
In a manufacturing method for joining monocrystals with a 
polycrystalline film by forming said polycrystalline film 
over a diamond monocrystalline substrate composed of a 
plurality of layers, if diamond monocrystals having the 
same orientation are readied, and a polycrystalline film is 
grown thereon by vapor phase synthesis, then the resulting 
diamond composite substrate can be applied as a high- 
quality diamond composite substrate with a large surface 
area. Further, it is preferable if the main face having 
the largest surface area of the faces that make up the 
diamond monocrystalline substrate is the {100} plane, and 
if the deviation between the orientations of the 
monocrystals in the direction of rotation with respect to 
the axis perpendicular to the main faces is no more than 2 
degrees, and the deviation of the orientations of the main 
faces from the {100} plane is no more than 5 degrees. 

Aspect (24) to (28) 

[0048] It is preferable if the thickness of the diamond 
monocrystals is at least 0.1 mm and no more than 1 mm, the 
thickness of the diamond polycrystalline film formed by 
vapor phase synthesis over the diamond monocrystals is at 
least 0.1 mm and no more than 1 mm, and the ratio of the 
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thickness of the diamond monocrystals to the thickness of 
the diamond polycrystalline film is between 1:1 and 1:4. 
It is also preferable if the difference in thickness 
between the diamond monocrystals is no more than 10 pim, and 
the gap between the diamond monocrystals is no more than 
500 ^m. Production of the high-quality diamond substrate 
with a large surface area, which is the object of the 
present invention , can be facilitated by keeping the 
conditions for the monocrystals and the polycrystalline 
layer within the ranges given above. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0049] Fig. 1 is a simplified view of the diamond 
monocrystalline substrate used in the present invention; 
[0050] Fig. 2 is a simplified view of a thermal 
conduction test conducted using the diamond composite 
substrate of the present invention; 

[0051] Fig. 3 is a diagram of the layout of diamond 
monocrystalline substrates for manufacturing the diamond 
composite substrate of the present invention; 
[0052] Fig. 4 is a simplified view of a large diamond 
composite substrate manufactured with the present 
invention; and 

[0053] Fig. 5 is an example of producing a large diamond 
monocrystalline substrate using the diamond composite 
substrate of the present invention. 



BEST MODE FOR CARRYING OU T THE INVENTION 



[0054] The present invention will now be described in 
detail on the basis of examples , but the scope of the 
present invention is not limited in any way by the 
following examples . 
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Example 1 

[0055] In this example we will describe one possible 
structure of a diamond composite substrate, in which a 
diamond polycrystalline film is laminated over a diamond 
monocrystalline substrate composed of a single monocrystal. 
First, the cubic diamond monocrystalline substrate shown in 
Fig. 1 was readied, in which the thickness was 0.5 mm, the 
lengths of the two sides perpendicular to the thickness 
direction were both 10 mm, and the orientation of the all 
six faces was {100}. This monocrystalline substrate was 
cut out of monocrystal in the rough, called type lb, 
containing nitrogen as an impurity and manufactured by a 
high-temperature, high-pressure synthesis process. The 
deviation (the angle a in Fig. 1) of the orientation of the 
main face having the largest surface area from {100} was 
measured by X-ray Laue method and found to be 1.9 degrees . 
A diamond polycrystalline film was formed by a known 
microwave CVD process over this diamond monocrystalline 
substrate. The polycrystalline film growth conditions were 
as shown in Table 1. 

Table 1 . Polycrystalline film growth conditions 



Microwave frequency 


2.45 GHz 


Microwave power 


5 kW 


Chamber pressure 


1.33 x 10 4 Pa 


H 2 gas flow 


100 seem 


CH 4 gas flow 


2 seem 


Substrate temperature 


980°C 


Growth time 


250 hours 



[0056] No monocrystal layer was present in the region of 
film formation after growth, and the substrate region 
(monocrystal) was clearly distinct from the film formation 
region (polycrystalline film). The thickness of the 
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polycrystalline layer was 0.5 mm. This substrate 
("substrate 1") was evaluated by the following methods for 
toughness and thermal conductivity. First, toughness was 
evaluated by the three-point bending resistance test set 
forth in JIS R 1601. The bending direction was the 
direction in which tensile stress acted to the monocrystal 
side. The evaluation conditions were as shown in Table 2. 



Table 2. Toughness evaluation conditions 



Cross head speed 


0.5 mm/rain 


Load cell 


500 kgf x 1/50 


Span 


4 mm three-point 
bending 



[0057] The bending resistance of substrate 1 was 
measured and found to be 1240 MPa. Next, thermal 
conductivity was evaluated from the cooling effect of the 
heat-spreading portion when substrate 1 was used as a heat- 
spreading substrate for a high-output laser diode (LD). 
Fig. 2 shows a schematic view of the thermal conduction 
test. The laser was oscillated in a state in which the LD 
(comprising a GaAs layer 5) had been soldered to the 
monocrystal side of a diamond composite substrate 2 
consisting of a diamond monocrystalline layer 3 and a 
diamond polycrystalline layer 4, and the maximum 
temperature of a laser heating portion 6 was measured. The 
evaluation conditions employed in the thermal conduction 
test are shown in Table 3 . 



Table 3 . Thermal conductivity evaluation conditions 



LD heat generation 


600 mW 


Heating portion 


1 x 1 x 300 jum 


Diamond polycrystalline side 


20°C air cooled 



[0058] Measurements revealed that the maximum 
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temperature of the LD heating portion was 7 5°C, and laser 
output was also normal. 

Next, a diamond monocrystalline substrate alone , a 
diamond polycrystal alone, and diamond composite substrates 
of varied thickness were subjected to the same toughness 
and thermal conduction tests. 

[0059] Table 4 shows the structure of the diamond 
monocrystalline substrate and test results. The size of 
the main face of the diamond monocrystalline substrate was 
10 mm square in every case, which is the same as that of 
substrate 1, the orientation was {100}, and a (which 
indicates deviation of orientation) was no more than 2 
degrees except in the case of substrate 9. The conditions 
under which the polycrystalline film was formed were all 
the same as in Table 1 . 



Table 4. Test results 



Sub- 
strate 
No. 


Mono- 
crystal 
thickness 
(nun) 


Poly- 
crystal 
thickness 
(nun) 


Angle 

a 

(deg) 


Bending 
resistance 
(MPa) 


Heating 
portion 
temp. 

(°C) 


Laser 
output 


1 


0.5 


0.5 


1.9 


1240 


75 


normal 


2 


1.0 


0 


1.8 


260 


69 


normal 


3 


0 


1.0 


1.1 


1440 


86 


decrease 


4 


0.25 


0.75 


1.3 


1380 


81 


normal 


5 


0.15 


0.8 


0.5 


1400 


84 


decrease 


6 


0.7 


0.3 


1.5 


510 


72 


normal 


7 


0.09 


0.09 


1.9 


180 


59 


normal 


8 


1.1 


1.1 


2.0 


1670 


95 


decrease 


9 


0.5 


0.5 


5.5 


1130 


76 


normal 



[0060] In Table 4, substrates 2 and 3 are a diamond 
monocrystalline substrate and a diamond polycrystalline 
substrate, respectively, and the test results for these are 
given in Table 4. Since substrate 2 is monocrystals alone, 
thermal conductivity is higher and there is a decrease in 
the temperature of the heating portion. But, bending 
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resistance decreases to only about one-fifth that of the 
composite substrate of substrate 1. This makes this 
substrate difficult to use in applications that demand good 
toughness. Since substrate 3 is polycrystals alone, the 
bending resistance is higher than with substrate 1, but the 
thermal conductivity is lower and there is an increase in 
the heating portion temperature. As a result , a decrease 
in the laser output was noted. 

[0061] Next, substrates 4 to 6 have varied thickness 
(ratio) of the monocrystals and polycrystalline film, 
allowing a comparison of the performance thereof. As 
already discussed, the toughness and thermal conductivity 
of a diamond composite substrate are in a reciprocal 
relationship, which is obvious from Table 4 as well. 
Specifically, with substrates 5 and 6, there was a 
pronounced drop in bending resistance or laser output 
(heating portion temperature), and it can be seen that 
there was a decrease in the superiority of a diamond 
substrate. Substrates 7 and 8 represent a comparison of 
the change in performance when the substrate thickness was 
varied. 

[0062] With substrate 7, both the monocrystals and the 
polycrystalline film are thinner than preferable, the 
result being good heat radiation but a decrease in bending 
resistance, so that the substrate cannot be used in 
applications demanding high toughness. Conversely, with 
substrate 8, the monocrystals and the polycrystalline film 
were both thicker than preferable then the thermal 
resistance will increase though the toughness is exhibited. 
Moreover, the drawback that is higher manufacturing cost 
arises. Finally, with substrate 9, the effect was examined 
in the case that the main face of the monocrystals deviated 
by more than 5 degrees from {100} . In this case, the 
bending resistance was slightly lower than that of 
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substrate 1, but the results posed no real problem , 
including those for thermal conductivity. However , in a 
polishing test conducted separately , the polishing rate of 
the monocrystal face dropped to two-thirds that of 
substrate 1, so there was a problem in terms of workability. 
[0063] Thus, the diamond monocrystal/polycrystalline 
film composite substrate represented by substrate 1 was 
shown to be useful as a heat-spreading substrate that 
possesses both high toughness and high thermal conductivity. 

Example 2 

[0064] In this example we will describe a case in which 
a diamond polycrystalline film is laminated over a 
plurality of diamond monocrystals having the same 
orientation , so that these monocrystals are integrally 
joined, and a case in which diamond monocrystals are 
subsequently grown by vapor phase deposition on the 
monocrystal surface . 

[0065] First, 16 sheets of type lb diamond monocrystals 
obtained by high-temperature, high-pressure synthesis were 
readied. The size of the monocrystals was 4 mm long and 
wide and 0.5 mm thick, and the main faces were polished. 
The main and side faces all had an orientation of {100}, 
and a (indicating the deviation of the orientation of the 
main face) was no more than 2 degrees. These monocrystals 
were arranged on a substrate holder so that their side 
faces coincided as shown in Fig. 3. The orientational 
deviation in the direction of rotation with respect to the 
axis perpendicular to the main face (P in Fig. 3; the lower 
drawing in Fig. 3 is a view from above of the portion 
enclosed by the oval in the upper drawing) was no more than 
1 degree for any of the adjacent monocrystals. The 
difference in thickness was 10 /jm at most, and the maximum 
gap between monocrystals was 90 ;um. 
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[0066] The diamond polycrystalline film 4 was formed by 
microwave plasma CVD under the same conditions as those 
given in Table 1 of Example 1 over a diamond 
monocrystalline substrate 1 composed of these plurality of 
monocrystals . As a result, as shown in Fig. 4, a diamond 
composite substrate 2 in which 16 layers of monocrystals 
had been integrally joined by the polycrystalline layer 4 
with the thickness of the polycrystalline film being 0.5 mm 
was obtained (this will be termed substrate 10). 
[0067] After this, the polycrystalline side of this 
substrate 10 was polished and smoothed to a surface 
roughness Rmax of 0.09 /jm. Monocrystals were then grown by 
vapor phase deposition by a known microwave plasma CVD on 
the monocrystalline side. The growth conditions are shown 
in Table 5. 



Table 5. Monocrystal growth conditions 



Microwave frequency 


2.45 GHz 


Microwave power 


5 kW 


Chamber pressure 


1 .33 x 10 4 Pa 


H 2 gas flow 


100 seem 


CH 4 gas flow 


5 seem 


Substrate temperature 


900°C 


Growth time 


100 hours 



[0068] After growth, the vapor phase monocrystalline 
films grown from individual monocrystals had a thickness of 
0.5 mm, and these were integrally joined to create a single, 
large monocrystalline substrate (Fig. 5). After this, the 
monocrystalline substrate portion composed of a plurality 
of layers and the polycrystalline film were removed by 
polishing, which gave large, vapor-phase synthesized 
diamond monocrystals measuring 16 mm square and having a 
thickness of 0.5 mm. 

[0069] Other composite substrate samples besides the 
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substrate 10 included ones in which the deviations a and p 
of the planar orientation of the monocrystals were varied, 
ones in which the thickness of the monocrystals and the 
polycrystalline film was varied, ones in which the 
difference in thickness between the monocrystals was varied, 
ones in which the gap between monocrystals was varied, and 
ones in which the surface roughness of the polycrystalline 
film side was varied (i.e., whether or not polishing was 
performed) (substrates 11 to 20). The production 
conditions for these substrates are compiled in Table 6. 
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[0070] For composite substrates 11 to 20 , vapor-phase 
synthesized diamond monocrystals were produced under the 
same conditions as for substrate 10 on the monocrystal side. 
With substrates 11 and 12, there was considerable deviation 
in the orientation of different monocrystals, abnormal 
growth occurred frequently at the connection interface of 
the vapor phase monocrystals, and monocrystal growth that 
resulted in complete integration could not be achieved. 
[0071] As to substrate 13, because of the thinness of 
the monocrystals, it was noted that the joined composite 
substrate warped at the point when the initial 
polycrystalline layer was formed. Accordingly, vapor phase 
growth that resulted in integration could not be achieved 
even in subsequent monocrystal vapor phase growth. 
[0072] As to substrate 14, the polycrystalline layer was 
thin, and cracking occurred at the point when the 
polycrystalline layer was polished. Also, since stress 
accumulates when monocrystals are grown by vapor phase 
deposition without the polycrystalline layer being polished 
with an equal substrate, cracking was noted in the vapor 
phase monocrystals. 

[0073] With substrate 15, which had a large different in 
the thickness of the monocrystals, a step was present on 
the polycrystalline layer side at the point when the 
polycrystalline layer was formed. Consequently, stress 
accumulated and cracking occurred during polishing of the 
polycrystal face. Also, when an equal substrate was turned 
over, without any polishing being performed, and 
monocrystals were grown by vapor phase deposition on the 
monocrystal face, the temperature distribution resulting 
from the step prevented integrated vapor phase growth. 
[0074] With substrate 16, which had a somewhat larger 
gap between substrates, the same diamond composite 
substrate as with substrate 10 could be obtained. 
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Furthermore, when monocrystals were grown by vapor phase 
deposition from monocrystals of substrate 16, the larger 
gap resulted in a corresponding increase in size compared 
to that with substrate 10, resulting in large vapor-phase 
synthesized diamond monocrystals measuring 16.5 mm square 
and 0.5 mm in thickness. 

[0075] With substrate 17, which had an even larger gap 
between substrates, some cracking occurred as a result of 
stress concentration at the interface during polishing of 
the polycrystalline layer, but the polishing could be 
completed without decomposition. With substrate 18, which 
had a gap that was larger yet, cracking and decomposing 
occurred during polishing of the polycrystalline layer, and 
polishing could not be completed. Also, when monocrystals 
were grown by vapor phase deposition on the monocrystal 
face without polishing with an equal substrate to substrate 
18, abnormal growth occurred from the gaps between the 
monocrystalline substrates, and monocrystal growth that 
resulted in integration over the entire surface could not 
be achieved. 

[0076] Finally, with substrate 19, which was not 
polished on the polycrystalline face, and substrate 20, 
which had a rough polycrystalline face, there was a 
temperature distribution for each monocrystal during 
monocrystals vapor phase growth, and vapor phase growth 
that resulted in integration over the entire surface could 
not be achieved. 

[0077] As discussed above, a diamond composite substrate 
manufactured by the method represented by substrate 10 was 
shown to be useful as a seed substrate for obtaining a 
diamond monocrystalline substrate having a large surface 
area and good crystallinity . 
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INDUSTRIAL APPLICABILITY 



[0078] As described above, when the diamond composite 
substrate pertaining to the present invention, and the 
method for manufacturing the same, can be utilized in 
semiconductor materials, electronic components, optical 
components, and so forth as a heat-spreading substrate that 
combines high thermal conductivity with high toughness, or 
as a high-quality diamond monocrystalline substrate with a 
large surface area. 



